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NOTES ON SOME PROBLEMS OF ADAPTATION: 7. RE- 
GARDING THE PIGMENTATION OF STICHOPUS 

MCEBII. 1 

W. J. CROZIER, 
ZoSlogical Laboratory, Rutgers College. 

The large holothurians of the genus Stichopus, which are quite 
abundant at Bermuda, live for the most part in fairly shallow 
water and upon grass-free bottoms of sandy mud. The majority 
of the individuals, but not all, are quite darkly pigmented. 
They are consequently open to the view of fishes and of other 
predaceous creatures, their coloration being in the great majority 
of cases very far from "concealing" in character. I was curious 
to learn if this lack of concealment was in any way related to size, 
or to the presence of some repugnatorial property. These 
holothurians do not possess Cuvierian organs. 2 

About 70 per cent, of the individuals are dorsally of a deep 
brown or even blackish hue, some 20 per cent, being light brown, 
with a distinctly yellowish cast, and the remaining 10 per cent, 
very pale brown with a pinkish shade. About 75 per cent, of 
the two kinds of lighter-colored specimens show a series of circular 
dark blotches, located at the bases of the scattered podia. A 
small proportion are irregularly mottled or blotched with areas 
of dark pigmentation. The pale spotted individuals are in 
many instances very difficult to detect, especially if located 
among algae and corals on an inclined shore; on a bare mud 
bottom they are more easily seen. The amount of pigment in the 
integument bears no definite relation to age (size). 

1 Contributions from the Bermuda Biological Station for Research, N0.133. 

2 1 have vainly sought for instances in which the well-developed Cuvierian organs 
of Holothuria captiva (Crozier, '15) might be seen in action (cf. Cuenot, '98). This 
species sometimes lives, under stones, in association with the large annelid Hermodice 
carunculata, which is armed with powerful groups of long, sharp setae; but I have 
never seen evidence of disturbance of the holothurian by the annelid. The tubes 
of the Cuvierian organ when discharged in air and received on filter paper (or on 
the tongue) are never acid in reaction; apparently their sole utility is in connection 
with their tensile strength and adhesive power. 
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In view of the absolute lack of any concealing behavior prac- 
ticed by these creatures, I tried at various times to feed pieces 
of the skin to fishes ("squirrels," yellow grunts, gray snappers, 
and other common shore forms, including the hamlet). Such 
trials were invariable unsuccessful, the flesh being refused. 
And, as Minchin ('92) long ago found, the intestine and respira- 
tory trees are likewise rejected as food. 

It is of interest to note that, in spite of such evidence of "un- 
palatability, " — which may perhaps be supplemented from 
Bartsch's ('17) account of the use of " holothurians " by the 
natives of Guam in driving Octopus from its "nests," — holo- 
thurians are nevertheless occasionally seen in the r61e of hosts 
for erratic ectoparasites, which in some instances eat from their 
skin. Chatton ('09) found an ascidian attached to and growing 
on the integument of Holothuria, and I have seen a young 
actinian (Condylactis) firmly affixed to the integument of a 
Stichopus. Quite apart from such molluscan forms as Stylifer, 
one species of which I have found in considerable numbers on 
S. mcebii, I have records of an annelid (an unidentified species of 
Odontosyllis) and of a polyclad worm, Leptoplana, feeding on the 
skin of Holothuria surinamensis; the gut of the worm was in each 
of these cases filled with the bright green integumentary pigment 
of the host. So that it is difficult to postulate for these animals 
the possession of any generalized repellent secretion. Plate 
('16), also, has described a polynoid and a crab, both homo- 
chromic in coloration, living upon Holothuria atra. 

On the other hand, Holothuria surinamensis has on several 
occasions been found bearing clear evidence of injury. One 
specimen was picked up, lying in the open on a sandy bottom 
with a shallow gouge cut along the whole length of the body; 
in all probability it had been nipped by a crab, perhaps Callinectes. 
Later, three others were obtained, all injured in a similar way. 
In the absence of some repellent "flavor," it is difficult to under- 
stand why the holothurians, once bitten into in this way, should 
have been dropped. This particular species, as I have said, is 
devoid of Cuvierian organs, and in the mangrove creeks where it 
notably abounds it comes to the surface only at night, being 
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buried during the day about the roots of sea weeds. Its skin, 
incidentally, is covered by a slimy coating of mud-particles, 
tending to give it a concealing hue; whereas H. captiva, well 
equipped with Cuvierian organs, but living under stones, is of a 
brilliant dark green color, unobscured with mud. 

In feeding tests, the flesh of H. surinamensis was rejected as 
vigorously as was that of Stichopus. 

It seems on the whole quite possible that some repugnatorial 
property is present in the secretions of the holothurian skin. The 
repellent power of the skin of the nudibranch Chromodoris zebra 
has been amply demonstrated (Crozier, '16, and subsequent 
work), yet I have found ostracods (Cypris) creeping freely over 
its skin; and while the blue-black Ascidia atra is rejected, whole 
or in fragments, by fishes I have tested, certain polyclads, 
nevertheless, feed freely on its surface (Crozier, '17). It is not 
inconceivable that the slimy quality of the holothurian flesh, 
particularly as developed when the body wall is cut, is in itself 
a sufficient repellent. I have never succeeded in inducing aqua- 
rium fishes to swallow swollen pieces of gelatin, although in this 
case a specific repellent action seems improbable. 

The adult Stichopus is, at all events, practically immune from 
the grosser kinds of attack. The only dead or injured specimens 
I have seen were killed by heavy rain-fall on shallow shores at 
low tide, or else by the sun when left by the tide on an exposed 
beach. The flesh of these animals is not an acceptable article of 
diet to fishes or to octopus, and whether this immunity be due 
in part to specific repugnatorial secretions, for which there is 
some evidence, or to some physical property of the flesh, or to 
the large size of the individuals, the feature which for present 
purposes I regard as significant is this: although efficiently 
protected, as it seems to be, the coloration of the species exhibits 
a wide range of variation, such that in some instances it might be 
thought " warning, ' ' in others decidedly ' ' concealing. " The con- 
clusion is difficult to avoid, that the "conspicuous" type of 
pigmentation is only associated with immunity from attack in a 
secondary, and in a sense an accidental, manner. The flesh of the 
paler, spotted, and as I believe, on the whole better concealed, 
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individuals, is no more acceptable as food than that of the 
blackish specimens. The different degrees of pigmentation are 
determined, so far as one may judge, by quantitative differences 
in the capacity for producing the single type of pigmentary 
substance concerned. So far as available evidence permits one 
to say, it is as reasonable to hold that the immunity of SHchopus, 
however achieved, permits its pigment-forming power to de- 
velop unhampered by selective restraint, as to believe that a 
kind of "warning" coloration is being elaborated selectively. 
In this respect the diverse types of coloration found in the 
efficiently protected snail Onchidium (CrOzier and Arey, '19) 
provide an interesting parallel. And in Chromodoris (Crozier, 
'19), as I shall subsequently describe at length, the evidence is 
much more decisively of the same import. Questions of this 
sort, particularly as concerned with the matter of so-called 
"warning" coloration, have been, in my belief, on the whole 
so inadequately dealt with that even partially complete observa- 
tions seem worthy of presentation. 

Summary. — The coloration of Stichopus mcebii is quite vari- 
able, in some individuals probably of a concealing tendency, in 
others, the majority, of a sort which makes these animals in 
nature pronouncedly conspicuous. Perhaps conditioned by the 
bulk of the animals, possibly by the presence of a repugnant 
quality of the flesh, such as leads to the rejection by fishes of 
fragments offered as food, a decided immunity from gross attack 
is, at all events, achieved. There is no more reason to regard 
the conspicuous type of pigmentation as a warning agent than 
there is to consider it the unchecked expression of innate meta- 
bolic activities. 
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